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ABSTRACT: This study investigates the speciation of CO2 involving the most common solvents 
used to capture carbon from the flue gas, i.e. ammonia, MEA and DEA. This requires the 
knowledge of both the activity coefficients of the species involved and the equilibrium constants 
of the relevant reactions. In contrast to the equilibrium constants, which can be obtained from the 
literature, the activity coefficients of the aqueous species are required to be estimated. Normally, 
semi-empirical models are used to estimate these activity coefficients, i.e. equations that contain 
unknown parameters that are obtained through regression against experimental data. In contrast, 
in this study the activity coefficients are predicted using equations that require only the knowledge 
of the ionic radii and charges of the species involved in the equilibrium. As a conclusion, the model 
developed shows a very good agreement with the experimental data obtained, either from 
spectroscopy or from Vapor Liquid Equilibrium (VLE), up to a solvent mass fraction of 20%.   
KEYWORDS Speciation, Pitzer model, Ionic radius, Ionic charge, Carbon capture 
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INTRODUCTION 
The increase of the CO2 levels in the atmosphere significantly contributes to an increase in the 
global temperatures. Moreover, climate change can impose several threats to humanity, such as 
risks to unique and threatened systems, extreme weather events that can cause breakdown of the 
infrastructure and critical services such as electricity, water supply, food insecurity, etc1. 
Therefore, it is important to find options to tackle these CO2 emissions. In this context, one of the 
most important options available is the carbon capture and storage (CCS) using chemical solvents, 
such as ammonia and several types of amines, including the alkanolamines MEA, DEA, MDEA, 
etc. Therefore, understanding and modelling the chemistry related to these chemical solvents is 
highly important. 
Several models describing the equilibrium involving ammonia-based solvents2±10 and 
alkanolamine-based solvents11±21 can be found in the literature. A common feature of all of these 
models is that they use semi-empirical equations to estimate the activity coefficients of the species, 
and these equations contain parameters that can only be obtained through regression against 
experimental data, normally VLE experimental data. Thus, these models are not predictive, since 
normally they cannot be used to estimate the equilibrium beyond the range in which experimental 
data are available. In contrast, this study uses expressions developed previously22 to calculate the 
activity coefficients, and these expressions require only the knowledge of the properties of the 
solutions. In particular, these expressions correlate the second virial coefficients in the Pitzer 
equations H?H?O?H?O? and H?H?O?H?O? with the ionic radii and the charges of the species involved in the 
equilibrium, which are in general known properties. Nevertheless, if a given ionic radius is not 
tabulated in the literature, it can be estimate using a model developed in another previous study,23 
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which presents a formulation to calculate the ionic radius of complex ions using the sizes of their 
individual components. 
EQUILIBRIUM MODEL 
The equilibrium model developed in this study is based on (i) the chemical equilibrium in the 
aqueous phase, (ii) the phase equilibrium, (iii) the electroneutrality principle, and (iv) the mass 
balance of the species.  
Chemical Equilibrium in the Aqueous Phase 
A series of reactions occurs during the CO2 absorption in aqueous ammonia/amine, as 
follows:5,12 
Dissolution of CO2 into the aqueous phase: H?O?H?O?H?భB?H?O?H?O?          (1) 
Dissolution of amine/ammonia into the aqueous phase:5,13 H?O?H?O?H?మ౗O?O?H?O?H?O?          (2a) O?H?O?H?మౘO?O?O?H?O?         (2b) 
Water Dissociation: H?O?H?O?H?భB? O?H?H?OH? ൅ O?H?H?OH?            (3) 
Carbon dioxide ionization: H?O?H?H?O ൅ H?O?H?O?H?మB? H?O?H?H?OH? ൅ O?H?H?OH?          (4) 
Bicarbonate ionization: H?O?H?H?OH? H?యB?H?O?H?H?OH?H? ൅ O?H?H?OH?         (5) 
Amine/ammonia protonation: 
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O?H?H?O ൅ H?O?H?O?H?ర౗O?O?O?H?H?OH?         (6a) H?O?H?H?O ൅ H?O?H?O?H?రౘO?O?H?O?H?H?OH? ൅ O?H?H?OH?        (6b) 
Amine/ammonia carbamate hydrolysis O?H?H?OH? ൅ H?O?H?O?H?ఱ౗O?O?O?H?H?O ൅ H?O?H?H?OH?      (7a) H?O?H?H?OH? ൅ H?O?H?O?H?ఱౘO?O?H?O?H?H?O ൅ H?O?H?H?OH?       (7b) 
The equilibrium constants of the reactions represented by Equations (3) to (7) are given as 
follows: H?ൌ O?H?O?O?H?O?H?ౄశH?ోౄషH?ౄమో          (8) H?ൌ O?H?శO?O?H?H?H?యషO?O?H?H?మO? H?ౄశH?ౄిోయషH?ిో మH?ౄమో          (9) H?ൌ O?H?శO?ൣH?H?యమష൧O?H?H?H?యషO? H?ౄశH?ిో యమషH?ౄిోయష          (10) H?H?ൌ O?H?H?H?H?H?H?శO?O?H?H?H?H?H?O?O?శO?H?ఽౣ౟౤౛ౄశH?ఽౣ౟౤౛H?ౄశ         (11a) H?H?ൌ ൣH?H?రశ൧O?H?H?షO?O?H?H?యO? H?ొౄరశH?ోౄషH?ొౄయH?ౄమో          (11b) H?H?ൌ O?H?H?H?H?H?O?O? H?యషO?O?H?H?H?H?H?H?H?H?షO?H?ఽౣ౟౤౛H?ౄిోయషH?ఽౣ౟౤౛ిోోష         (12a) H?H?ൌ H?H?మH?H?H?H?షO?H?H?యO?O?H?H?H?యషO?H?ొౄమిోోౄషH?ౄమోH?ొౄయH?ౄిోయష         (12b) 
In terms of equilibrium constants, these were taken from the literature and are shown in Table 1. 
In addition, the temperature dependence of these equilibrium constants is expressed as follows:5  H?ൌ H?ǡH?൅ H?మǡ౟H? ൅ H?ǡH?  ൅ H?ǡH?       (13) 
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Table 1. Temperature dependence of the Equilibrium Constants involving the NH3-CO2-H2O, 
MEA-CO2-H2O and DEA-CO2-H2O systems:  H?ൌ H?ǡH?൅ H?మǡ౟H? ൅ H?ǡH?  ൅ H?ǡH?. 
Reaction / 
Constant Equation 
H?ǡH? H?ǡH? H?ǡH? H?ǡH? Ref. 
H?O?H?O?H?భB? O?H?H?OH? ൅ O?H?H?OH?  1.409×102 1.345×104 2.248×101  5 H?O?H?H?O ൅ H?O?H?O?H?మB? H?O?H?H?OH? ൅ O?H?H?OH?  1.023×102 7.726×103 1.451×101 2.798×102 5 H?O?H?H?OH? H?యB?H?O?H?H?OH?H? ൅ O?H?H?OH?  1.167×102 9.137×103 1.811×101 -2.246×102 5 O?H?H?O ൅ H?O?H?O?H?ర౗ǡ౉ుఽO?C?C?C?O?O?H?H?OH?  7.996×10-1 8.095×103  7.484×103 13 O?H?H?OH? ൅ H?O?H?O?H?ఱ౗ǡ౉ుఽO?C?C?C?O?O?H?H?O ൅ H?O?H?H?OH?  2.890×100 3.635×103   13 O?H?H?O ൅ H?O?H?O?H?ర౗ǡీుఽO?C?C?C?O?O?H?H?OH?  6.794×100 5.928×103   24 O?H?H?OH? ൅ H?O?H?O?H?ఱ౗ǡీుఽO?C?C?C?O?O?H?H?O ൅ H?O?H?H?OH?  4.515×100 3.417×103   24 H?O?H?H?O ൅ H?O?H?O?H?రౘO?O?H?O?H?H?OH? ൅ O?H?H?OH?  9.797×101 5.914×103 1.506×101 1.101×102 5 H?O?H?H?OH? ൅ H?O?H?O?H?ఱౘO?O?H?O?H?H?O ൅ H?O?H?H?OH?  2.015×101 6.041×102 4.017×100 5.031×103 5 
 
In terms of the activity coefficients, the Pitzer model25±29 was selected to estimate these 
properties, and the relevant equations are presented elsewhere.30 Considering these equations, 
apart from H?H?O?H?O? andH?H?O?H?O?, all the other parameters describing interactions between ionic species 
are set to zero. Normally H?H?O?H?O? andH?H?O?H?O? are treated as empirical parameters. In contrast, as 
mentioned in the introduction, in this studyH?H?O?H?O? and H?H?O?H?O? are not treated as empirical parameters. 
Instead, expressions that correlate these parameters with the ionic radii and charges22 are used, and 
these expressions are as follows:    H?H?O?H?O?ൌ ȽH?H?H?ǤH?H?H?H?H?ǤH?H?ȁH?െ  ?Ǥ ?H?ȁH?ǤH?൅ ȽH?       (14) 
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H?H?O?H?O?ൌ ȽH?H?H?H?ǤH?O?H?H?H?H?ǤH?O? ൅ȁH?െ  ?Ǥ ?H?ȁH?ǤH?O?O?H?൅ ȽH?H?H?H?H?ǤH?O? ൅ȁH?െ  ?Ǥ ?H?ȁH?ǤH?O?൅ ȽH?H?H?H?ǤH? 
            (15) 
where ȽH?ൌ  ?Ǥ ? ? ? ? ?, ȽH?ൌ  ?Ǥ ? ? ? ? ?, ȽH?ൌ  ?Ǥ ? ? ? ? ?, ȽH?ൌ  ?Ǥ ? ? ? ? ? andȽH?ൌ  ?Ǥ ? ? ? ? ?.
Some of the species considered in this study, e.g.H? and H? have unknown 
ionic radii, but they can be estimated using expressions developed in a previous study,23 as follows: H?ൌ H?ఌభ O? D?H?H?ೕH?H? ൅  ? D?H?H?ೖH?H? O?H?ȀH?       (16) H?ൌ H?ఌమɈH?O? D?H?B?H?ೕఌయH? ൅  ? D?H?B?H?ೖఌయH? O?H?ȀH?      (17) 
The value of the parameter D?H? in Equation (16) is (0.057±0.005).  Regarding the parameters in 
Equation (17), namely the constant ɈH? and the power parameters D?H? and D?H?, these values are 
(1.249±0.013) %H?, (-0.264±0.025) and (1.50±0.11), respectively.23 
The estimated virial parameters H?H?O?H?O? and H?H?O?H?O? are shown in Table 2, along with the ionic radii 
considered in the calculations. 
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Table 2. Estimated virial parameters in the Pitzer equations for NH3-CO2-H2O, MEA-CO2-H2O 
and DEA-CO2-H2O systems at 25 °C. 
Species M,X 
H儋?H?  
Estimated 
H儋?H?  
Estimated 
H?൫%൯ H?൫%൯ reference  H? reference  H? 
NH3-CO2-H2O H?ǡ H?H? 0.1891 0.3552 0.30 1.85 31 32 H?H?ǡ H?H? 0.1180 0.3233 1.48 1.85 32 32 H?H?ǡ H? 0.0776 0.2778 1.48 1.33 32 32 H?ǡ H?H?H? 0.1065 0.4125 0.30 1.78 31 32 H?H?ǡ H?H?H? 0.0790 0.3687 1.48 1.78 32 32 H?ǡ H?H? 0.2494 0.3676 0.30 1.59 31 this study H?H?ǡ H?H? 0.1724 0.3456 1.48 1.59 32 this study 
MEA-CO2-H2O H?ǡ H?H? 0.0887 0.2882 1.60 1.85 this study 32 H?ǡ H? 0.0584 0.3082 1.60 1.33 this study 32 H?ǡ H?H?H? 0.0678 0.3125 1.60 1.78 this study 32 H?ǡ H? 0.2504 0.3678 0.30 1.61 31 this study H?ǡ H? 0.1399 0.3305 1.60 1.61 this study this study 
DEA-CO2-H2O H?ǡ H?H? 0.0748 0.2749 1.48 1.85 this study 32 H?ǡ H? 0.0691 0.3227 1.48 1.33 this study 32 H?ǡ H?H?H? 0.0625 0.3272 1.48 1.78 this study 32 H?ǡ H? 0.2699 0.3711 0.30 1.61 31 this study H?ǡ H? 0.1396 0.3283 1.48 1.61 this study this study 
 
Vapor-Liquid Equilibrium (VLE) 
The amines investigated in this study are highly soluble in water, and thus Equation (2b) can be 
disregarded for these amines. In contrast, ammonia is not as soluble in water as are the amines, 
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and hence Equation (2a) is required to be taken into consideration. The gas-liquid equilibrium 
involving CO2 and NH3 FDQEHFDOFXODWHGXVLQJ+HQU\¶VODZ12 as follows: H? ൌ H?ǡH?O?H?O?H?          (18) 
where H?ǡH?O?H?O?is the Henry constant, which can be calculated as follows:  H?ǡH?ൌ H?ǡH?൅ H?మǡ౟H? ൅ H?ǡH? ൅ H?ǡH?  ൅ H?ఱǡ౟H?మ       (19) 
with the constants H?ǡH? to H?ǡH? being shown in Table 3.33 
For water, the gas-liquid equation is given as follows:2  H?MH?ൌ H?H?H?          (20) 
where MH? is the vapour phase fugacity coefficient, which can be calculated using the 
Redlich-Kwong equations,34 H? is the water activity, which can be calculated by the Pitzer 
equation30 and H?H? is the fugacity of the liquid water, which can be calculated as follows:35  H?H?O?H?H?O? ൌ ? ?Ǥ ? ? ?൅ H?H?H?H?H?ǤH? ൅  ?Ǥ ? ? ? ? ? ? ? െ  ?Ǥ ? ? ? ?O?O?െ  ?Ǥ ? ? ? ?ൈ  ? ?H?H?H? (21) 
 
Table 3. 3DUDPHWHUVIRUWKH+HQU\¶VFRQVWDQWLQ03DNJPRO33  H?ǡH?ൌ H?ǡH?൅ H?మǡ౟H? ൅ H?ǡH? ൅H?ǡH?  ൅ H?ఱǡ౟H?మ . 
Compound H?ǡH? H?ǡH? H?ǡH? H?ǡH? H?ǡH? Ref.  H? 3.932×100 1.879×103   3.551×105 33 H? 1.929×102 9.624×103 1.441×102 2.875×101  33 
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Electroneutrality Principle 
The electroneutrality principle is based on the fact that the aqueous solutions as a whole have 
zero net charge.36 On applying this principle to the NH3-CO2-H2O system, the following equation 
is obtained: H?శ ൅ H?H?రశ െ  ?H?H?యమష െ H?H?H?యష െ H?H?ష െ H?H?మH?H?H?ష ൌ  ?    (22) 
Likewise, if the electroneutrality principle is applied for the Amine-CO2-H2O system, the 
following equation is obtained: H?శ ൅ H?H?H?H?H?H?శ െ  ?H?H?యమష െ H?H?H?యష െ H?H?ష െ H?H?H?H?H?H?H?H?ష ൌ  ?   (23) 
Mass Balance of the Species 
Using the mass conservation principle, the following equations can be obtained for the 
NH3-CO2-H2O system: H?H?మ౟౤౟౪౟౗ౢ ൌ H?H?యమష ൅ H?H?H?యష ൅ H?H?మH?H?H?ష ൅ H?H?మ     (24) H?H?య౟౤౟౪౟౗ౢ ൌ H?H?రశ ൅ H?H?మH?H?H?ష ൅ H?H?య       (25) 
Likewise, using the mass conservation principle, the following equations can be obtained for the 
Amine-CO2-H2O system: H?H?మ౟౤౟౪౟౗ౢ ൌ H?H?యమష ൅ H?H?H?యష ൅ H?H?H?H?H?H?ష ൅ H?H?మ     (26) H?H?H?H?H?౟౤౟౪౟౗ౢ ൌ H?H?H?H?H?H?శ ൅ H?H?H?H?H?H?H?H?ష ൅  H?H?H?H?      (27) 
 
RESULTS 
CO2-NH3-H2O System 
Table 4 shows a comparison between the calculated and the experimental values37 obtained 
by 13C NMR spectroscopy at 25 °C. As can be seen in this table, there is in general a very good 
agreement between the calculated values obtained through Equations (14) and (15) and the 
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experimental data.37 However, it is important to note that at high concentrations this agreement 
slightly deteriorates. This is expected since at higher concentrations more terms are required to be 
added to the Pitzer equations, for instance to account for the interactions between triplets of ions, 
ion-neutral interactions, etc.   
In terms of partial pressures, Figure 1 illustrates the agreement between the model and the VLE 
experimental data from the literature.38 As can be seen in this figure, the agreement between 
calculated and experimental38 partial pressures of CO2 at various molalities of NH3 at 20 °C is very 
good in general, but the accuracy decreases as the concentration increases. As explained above, 
this is because at higher concentrations more terms are required to be added to the Pitzer equations. 
In contrast, even at high concentrations, the model predicts very well the concentrations of NH3, 
and this is probably because for the ammonia-containing species two virial parameters suffice to 
accurately describe the behavior of these species in aqueous solutions. However, it is important to 
point out that according to Carrol at al.,39 at pressures higher than 10 bar the non-ideality of the 
neutral species in the aqueous solutions can no longer be neglected, and thus neutral-neutral and 
neutral-ions parameters are required to be added to the Pitzer equations. Likewise, the fugacity 
coefficients are also important to be taken into account at high pressures, and these coefficients 
can be easily calculated using for instance the Redlich-Kwong equations.34 
Although the parameters in Table 2 represent interactions at 25 °C, it is not a poor approximation 
to use these parameters to estimate the speciation at higher temperatures. This is because, 
according to Silvester and Pitzer,40,41 even 20 degrees difference in temperature is not sufficient to 
cause a dramatic change in the virial parameters in the Pitzer equations. This can be confirmed in 
Figure 2, which contains a comparison between the calculated and the experimental values42 at 60 
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°C. As illustrated in this figure, there is a good match between these calculated  experimental 
values42 at 60 °C, which slightly deteriorates at higher concentrations. 
Table 4. Comparison between calculated and experimental values37 related to the speciation of 
the CO2-NH3-H2O system at 25 °C. 
Initial Values O?Ǥ H?H?O? Experimental37 and Calculated Values O?Ǥ H?H?O? 
[NH3]o [CO2]o 
H?H?H? 
experimental 
H?H?H? 
calculated 
H?H? 
experimenta
l 
H?H? 
calculated 
H?H? 
experimental 
H?H? 
calculated 
1.59 1.14 0.12 0.13 0.86 0.81 0.17 0.20 
3.17 2.27 0.23 0.30 1.6 1.50 0.44 0.45 
2.32 1.42 0.24 0.25 0.77 0.78 0.41 0.39 
0.95 0.5 0.08 0.09 0.24 0.28 0.18 0.13 
1.9 1 0.19 0.21 0.48 0.46 0.32 0.33 
0.69 0.24 0.062 0.060 0.122 0.109 0.057 0.074 
1.14 0.48 0.10 0.11 0.2 0.20 0.18 0.16 
1.37 0.6 0.14 0.14 0.24 0.25 0.22 0.21 
0.92 0.36 0.084 0.087 0.15 0.16 0.13 0.12 
2.05 0.95 0.22 0.23 0.37 0.36 0.36 0.36 
1.32 0.45 0.11 0.13 0.17 0.15 0.17 0.18 
2.18 0.91 0.23 0.24 0.32 0.29 0.36 0.38 
3.02 1.35 0.32 0.36 0.41 0.41 0.62 0.58 
4 1.67 0.39 0.49 0.39 0.40 0.9 0.79 
6.88 3.18 0.73 0.91 0.68 0.73 1.77 1.54 
6.03 2.73 0.69 0.79 0.63 0.63 1.41 1.31 
8.95 4.27 1.32 1.17 0.68 0.97 2.27 2.13 
 
 
 
13 
 
 
Figure 1. Comparison between experimental partial pressures38 [×: NH3=0.13 m, {: NH3=0.51 
m, U: NH3=1.03 m, : NH3=2.11 m] and calculated partial pressures  [solid line: NH3=0.13 m, 
dashed line: NH3=0.51 m, dotted line: NH3=1.03 m, dash dotted line: NH3=2.11 m] at 20 °C: (a) 
NH3 partial pressures, and (b) CO2 partial pressures.   
 
Figure 2. Chemical speciation involving the NH3-CO2-H2O system at 60 °C: symbols represent 
experimental values42 [U: NH3, {: H?H?, :H?H?, ×: H?H?H?, ƑH?¸H?H?], and lines 
represent the calculated values [solid lines: this study]: (a) NH3, H?H? and H?H?, and (b) H?H?H?, H?, H?H?. 
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CO2-MEA-H2O System 
Figure 3 illustrates the speciation involving the CO2-MEA-H2O system. As can be seen in this 
figure, both the model developed in this study and the Deshmukh-Mather model12 provide good 
agreement with the speciation data obtained by Raman spectroscopy,12 but the model developed 
in this study agrees, in general, better with the experimental data12 at higher concentrations than 
the Deshmukh-Mather model, except for the CO2. Nevertheless, it is important to note that the 
model obtained in this study is entirely based on the properties of the solution, i.e. the ionic radii 
and charges, whereas the Deshmukh-Mather model is a semi-empirical model that requires 
regressed parameters. Therefore, it is indeed remarkable that both models have similar 
performances at describing the speciation involving aqueous MEA. The differences between the 
Deshmukh-Mather model12 and this study can be further visualized in Figure 4, which illustrates 
quantitatively the differences between the predictions of the two models and the experimental data 
from the literature.12 
In terms of pressures, Figure 5 illustrates the good agreement between the model developed in 
this study and the experimental pressure data.12 However, in general the Deshmukh-Mather 
model12 agrees better with the experimental pressure data12 than this study does. This is not 
unexpected since the empirical parameters in the Deshmukh-Mather model12 were obtained using 
VLE data, i.e. data on the CO2 pressure versus the CO2 concentration in aqueous solutions. 
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Figure 3. Chemical speciation involving the MEA-CO2-H2O system in 20% aqueous MEA at 
40 °C: symbols represent experimental values12 [U: MEAH+, Ƒ: , :H?, ×: H?H?H?, 
{: H?¸H?H?], and lines represent calculated values [solid lines: this model, dashed lines: 
Deshmukh-Mather model12]: (a) MEAH+, ,H?, and (b) H?H?H?, H?, H?H?. 
 
Figure 4. Residual plots between the Deshmuck-Mather model against the model developed in 
this study: symbols represent species [U: , *: MEAH+,Ɣ:H?,Ƒ: H?H?H?, Ŷ: H?, ×: H?H?], and lines represent calculated values [solid lines: this model, dashed lines: 
Deshmukh-Mather model12]: (a) MEAH+, ,H?, and (b) H?H?H?, H?, H?H?. 
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Figure 5. Total pressure as a function of the CO2 loading at 30 °C: symbols represent 
experimental values12 [Ɣ=10% aqueous MEA, ż= 20% aqueous MEA], and lines represent 
calculated values obtained in this study [solid line: 10% aqueous MEA, dashed line: 20% 
aqueous MEA].   
CO2-DEA-H2O System 
Figures 6 to 8 are examples that illustrate the good agreement between the predictions of this 
study and the experimental data43 for the DEA-CO2-H2O system. In this case, the literature data is 
scarcer than in the two previous case studies. Nevertheless, the good agreement between the 
experimental and calculated values in both figures gives another indication of the good 
predictability capacity of the model presented in this study. Figure 6 shows the chemical speciation 
involving the DEA-CO2-H2O system at a temperature of 25 °C. As can be seen in this figure, the 
Deshmukh-Mather model14 has also been included in the analysis, and this model predicts the 
carbamate with a slightly better accuracy than the model developed in this study. This slightly 
better agreement has been quantitatively illustrated in Figure 7, which shows the residual plots 
between the two models and the experimental data from the literature. In terms of the pressures, 
as can been seen Figure 8, both models are equally accurate in predicting the total pressures as a 
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function of the CO2 loading, and have a very good agreement with the experimental data from the 
literature.43 
 
Figure 6. Chemical speciation involving the DEA-CO2-H2O system in 20% aqueous DEA at 
25 °C: symbols represent experimental values43 [:H?, ¸H?], and lines represent 
calculated values [solid lines: this model, dashed line: Deshmukh-Mather model14]. 
 
Figure 7. Residual Plots comparing the experimental values43 from the literature and the two 
models investigated to describe the DEA-CO2-H2O system in 20% aqueous DEA at 25 °C [solid 
lines: this model, dashed line: Deshmukh-Mather model14]. 
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Figure 8. Total pressure as a function of the CO2 loading at 25 °C in 20% aqueous DEA 
[Ɣ=experimental values43, solid line: this model, dashed line: Deshmukh-Mather model14].   
CONCLUSIONS 
A new approach to predict the equilibrium involving CO2 capture using chemical solvents is 
demonstrated in this study. In particular, the equilibrium is predicted using only the properties of 
the solution, i.e. the ionic radii and charges, in contrast to the models available in the literature, 
which require the previous knowledge of some experimental data to predict speciation. Moreover, 
comparison plots are provided to demonstrate the prediction abilities of the model as well as its 
limitations. As a conclusion, the model was able to accurately predict speciation involving 
chemical solvents up to a solvent mass fraction of 20%. Beyond this limit, more complex models 
are required. 
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ABBREVIATIONS 
Latin Symbols H?, water activity H?ǡH?H?ǡH?, parameters of the equation representing the temperature dependence of the 
equilibrium constants H?H?O?H?O?, H?H?O?H?O?, second virial Coefficients representing short-range binary interactions H?ǡH?H?ǡH?, parameters of the equation representing the temperature dependence of the Henry 
constants H?H?, the fugacity of the liquid water H?ǡH?O?H?O?, Henry constant H?, equilibrium constant of a reaction i H?, molality of the component i 
n, number of experimental data points 
P, total pressure 
I, ionic strength 
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H?, ionic radii of the cation H?ೕ, ionic radii of the cations of a polyatomic ion B?H?ೕ, covalent radii of the cations of a polyatomic ion H?, ionic radii of the anion H?ೖ, ionic radii of the anions of a polyatomic ion B?H?ೖ, covalent radii of the anions of a polyatomic ion 
T, temperature in Kelvin H?, molar fraction of a molecular solute in vapor phase H?, molar fraction of water in vapor phase H?, charge of the cation H?, charge of the anion 
Greek Symbols 
JH?, activity coefficient of species i D?H?, power factor that correlates the thermochemical radii of a complex anion with its ionic charge D?H?, power factor that correlates the thermochemical radii of the complex cation with its ionic 
charge D?H?, power factor that correlates the thermochemical radii of a complex cation with the ionic radii 
of its individual single ions D?H?, constant that correlates the thermochemical radii of a complex cation with the ionic radii of 
its individual ions 
MH?, water fugacity coefficient on the vapour phase D?H?, number of single cations of a given species D?H?, number of single anions of a given species 
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Subscripts 
j, number of cations 
k, number of anions 
M, cation 
X, anion 
w, water 
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